Background: Diabetes ketoacidosis (DKA) is a life-threatening complication of type 1 diabetes mellitus (T1DM). Reducing DKA admissions in children with T1DM requires a coordinated, comprehensive management plan. We aimed to decrease DKA admissions, 30-day readmissions, and length of stay (LOS) for DKA admissions. Methods: A multipronged intervention was designed in 2011 to reach all patients: (1) increase insulin pump use and basal-bolus regimen versus sliding scales, (2) transform educational program, (3) increased access to medical providers, and (4) support for patients and families. A before-after study was conducted comparing performance outcomes in years 2007-2010 (preintervention) to 2012-2014 (postintervention) using administrative data and Wilcoxon rank sum and Fischer exact tests. Results: DKA admissions decreased by 44% postintervention (16.7 vs 9.3 per 100 followed patient-years; P = .006), unique patient 30-day readmissions decreased from 20% to 5% postintervention (P = .001), and median LOS significantly decreased postintervention (P < .0001). Although not an original goal of the study, median hemoglobin A1C of a subset of the population transitioned from sliding scale decreased, 10.3% to 8.9% (P < .02). Conclusions: When clinical and widespread program interventions were used, significant reductions in DKA hospitalizations, 30-day readmissions, and LOS occurred for pediatric T1DM. Continuous performance improvement efforts are needed for improving DKA outcomes.
care costs. [4] [5] [6] In addition, optimal glycemic control is critical for preventing and delaying long-term complications related to T1DM. 7, 8 Recently, in the United Kingdom, adults with structured diabetes education and flexible basal-bolus insulin dosing regimens experienced a 61% reduction in risk for DKA and a 64% reduction in cost. 9 Finding comparable reductions in pediatric populations is important, as a study done previously by our group, in 2005, showed that 7% of children with T1DM were admitted for DKA and the cost per patient was $4730 for that year of care. 4 McEvilly and Kirk 6 showed that the use of a multidisciplinary team in the home setting resulted in lower costs when compared with hospital bed use for children with diabetes. A recent report demonstrated a reduction in costs without reducing quality of care in Medicaid pediatric patients with many chronic disorders using the Accountable Care Organization model; however, they failed to improve DKA outcomes in their pediatric patient population. 10 We wished to understand the barriers to care and apply the multidisciplinary approach with this understanding to reduce DKA admission using a 3-pronged approach.
We hypothesized that DKA admission rates, 30-day readmission rates (second admission within a 30-day period after the first admission of DKA), and length of stay (LOS) could be reduced in our patients by (1) intensification of insulin management using basal-bolus insulin regimens including increased utilization of insulin pump therapy, 11 (2) new diabetes education program, 12, 13 (3) increased access to clinic appointments, 14 and (4) development of patient and family support events and groups.
The hospital where this initiative took place is an urban tertiary care center, which is part of a larger health system where 93 000 patients are admitted each year. In 2014, the hospital saw over 500 unique patients with T1DM and has over 130 diabetes-related admissions per year. Previously, in the Division of Pediatric Endocrinology and Diabetes, there were 6 faculty members who managed diabetes within a faculty practice of 8 faculty members. Since our intervention, there are 7 faculty members who manage patients with diabetes within a faculty practice of 9. Also included in the care team of our patients are 3 nurse practitioners (NPs) who are certified diabetes educators (CDEs), 4 registered nurse (RN) educators, one of which is a CDE and the nurse manager, 2 registered dietitians (RDs) who are CDEs, and 1 licensed social worker (LSW) as well as research staff and administrative staff. In 2010, it was determined by the chief of the department and the nurse manager that the DKA admission rate (16.7 per 100 patient-years followed) was very high for established patients with diabetes. The Pediatric Diabetes Program was evaluated to determine areas that needed improvement.
Planning the intervention
Preintervention assessment involved analysis of identifiable causes and barriers of all diabetes-related admissions, which were divided into 3 categories: (1) clinical, (2) educational, and (3) structural.
Clinical
Assessment showed lack of communication between the multidisciplinary team of physicians, LSW, RDs, RNs, and NPs. Patients were admitted for "DKA" without adequate prerequisite criteria, such as a pH less than 7.30 and a serum bicarbonate less than 15 mmol/L. 17 These patients often had high blood glucose levels or social concerns leading to the admission. The majority of patients were managed with sliding scale and neutral protamine Hagedorn (NPH) insulin regimens, which failed to provide required flexibility or intensiveness to manage diabetes well. The percentage of patients on insulin pump therapy lagged behind national rates and even the newer long-acting analogs, such as glargine and detemir, were used sparingly. Patients were frequently unaware of carbohydrate counting and therefore were not using it as a means to determine insulin dosage.
Educational
An initial educational assessment was done for RNs, NPs, and physicians. A lack of knowledge about insulin pump features among staff led to decreased prescribing of pump therapy. Nursing staff did not consistently adhere to national guidelines for diabetes education. This led to a failure to motivate patients to have goals and a failure to empower patients to manage their own diabetes.
A second educational assessment of school RNs suggested that they were unaware of new insulin analogs, insulin pumps, and correct treatment of hypoglycemia. An educational assessment of patients revealed a lack of knowledge about diabetes sick day management in the home setting, ketone testing, and lack of empowerment in making insulin dose changes based on glucose patterns. In addition, a lack of an institutionally approved and standardized diabetes education program and diabetes education manual led to conflicting recommendations given to patients by the staff. Finally, education materials in Spanish were unavailable for Spanish-speaking families who represent 40% of our total diabetes population.
Structural
There was a lack of coordination between providers and ancillary staff. There was also a lack of common goals regarding clinical outcomes for our diabetic patients. These structural deficiencies resulted in poor access to appointments, with increasing wait times. In particular, our diabetes clinic template only allowed for 15-minute visits per patient, which was not long enough to provide adequate education and care.
Intervention design
An intervention was designed to target each of the 3 above-mentioned aspects of our program: clinical, educational, and structural (summary in Table 1 ).
First, weekly multidisciplinary preclinic meetings were instituted and all patients scheduled for the following week were discussed. The meeting allowed for an open discussion of patient-related problems and the role of each team member was defined a priori. A concerted effort was made to transition patients who were on sliding scales to basal-bolus regimens, including pumps or long-acting insulin analogs with fast-acting boluses, and the RD taught patients to incorporate carbohydrate counting. Finally, revised criteria for DKA admissions were established to include presence of 1.5 mmol/L of blood ketones, a pH less than 7.30, a serum bicarbonate less than 15 mmol/L, and/or clinical signs of dehydration. 17 Second, educational goals were created on the basis of the planning assessments. Our primary objective with the education initiative was to target (a) staff, (b) patients and families, and (c) the community. Staff education for physicians, RNs, RDs, and NPs focused on American Diabetes Association (ADA) guidelines for best diabetes practices. The expectation was for all RNs, RDs, and NPs to become CDEs. Being a CDE requires that the health care provider have standardized knowledge, understanding, and experience in diabetes prevention and diabetes care. 18 For patient and family education, our goal was to become an ADA-recognized program. The ADA guidelines support the use of the national standards for Diabetes Self-Management Education and Support (DSMES). 19 In addition, we also used Chronicle, a database for diabetes management capture provided by the ADA. and their specific clinical goals. Patient educational materials and content were developed both for English and Spanish speakers. All educational programs were based on DSMES guidelines. For community education, we organized 2 community events for patients annually: the Family Diabetes Day and the Candy Exchange. The Family Diabetes Day program provides information on a variety of topics including global and local diabetes programs, healthy eating and exercise, and insurance and legal rights of patients with diabetes. Guest speakers included prominent public figures living with diabetes as well as other patients with diabetes who have successful lives. The Candy Exchange was developed as an event to promote healthy eating after Halloween. At this event, children exchanged their candy for a toy and are therefore rewarded for choosing to be healthy and not eat all their Halloween candy. The event also gives patients and their families the opportunity to interact with diabetes educators, technology companies, dentists, and ophthalmologists. In addition to these 2 events, we have quarterly educational programs for school RNs and home health RNs in the surrounding area. We have also participated in Shabbatons (educational programs held on Shabbat) for the Orthodox Jewish Community.
Third, structural changes were made when the division hired new physicians and staff who were specifically dedicated to diabetes practice. We increased access for patients by doubling the number of diabetes sessions from 5 to 10 clinic sessions per week. To allow for more comprehensive visits and increased patient interactions, the clinic templates for diabetes were changed from 15-to 30-minute visits. We created a model for physician-NP collaboration, with alternating appointments with an NP and a physician for a total of at least 4 diabetes appointments per year. 21 With this approach, our patients now have additional Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
opportunities to see providers at different times of the day and alternate sites closer to home.
Methods of evaluation and analysis Statistical analysis
The unit of analysis for this study was T1DM patientyears followed. Patients contributed 1 "followed patient-year" if they were seen in the diabetes ambulatory clinic at any point during that calendar year. Admissions were excluded from analysis if the patient was not seen in the diabetes ambulatory clinic in the 12 months prior to that admission or if the admission was not related to diabetes (eg, broken arm). Descriptive statistics (means, medians, standard deviations, and rates) were used to present demographics and outcomes of interest in the pre-(2007-2010) and postintervention (2012-July 2014) periods. Given the nonnormal distribution of the outcomes of interest (admissions, admissions with DKA, and LOS), these outcomes' medians were compared with the Wilcoxon rank sum test, although rates are also presented. All admissions with an LOS greater than 9 days (n = 32) were reviewed and 5 admissions were removed from the LOS calculation (2 preintervention and 3 postintervention). These were removed because the LOS was increased due to non-diabetes-related issues (eg, prolonged hospital stay awaiting placement in foster care). We acknowledge and caution readers that the same patient may have contributed more than one followed patient-year in the pre-and/or postintervention periods, leading to a violation of the independence assumption. In other words, some patients were part of the pre-and postintervention period simply because they were continually followed up in our diabetes center and therefore the comparative populations represent different periods not necessarily different groups of unique patients.
Given the large percentage of patients who had no 30-day readmissions, this outcome was dichotomized into unique patients ever readmitted versus never readmitted in the pre-and postintervention periods. This avoids violating the independence assumption. Once dichotomized, the Fischer exact test was used to examine differences between the pre-and postintervention periods.
In terms of process measures, hemoglobin A1C (HbA1C) data were used to determine the status of glycemic control for the population. Ninety-six subjects were examined between 2009 and 2011 and postintervention. The sample was picked on the basis of the availability of at least 2 appointments per year and those patients that were on sliding scale regimens only. The data were analyzed using the nonparametric Kruskal-Wallis test, and the median HbA1C with 25th and 75th percentiles for this population is reported.
This study was approved by the Ethics Committee of Human Experimentation and in accordance with the Declaration of Helsinki and deemed exempt by the local Institutional review board. There are no conflicts of interest to report. Table 2 presents patient demographic characteristics. The majority of our patients were of racial minorities: multiracial origin and African American (68% preintervention and 64% postintervention). We have a preponderance of patients who were on Medicaid/Medicare, and over time our insurance distribution among the pre-and postintervention remained constant. Over the course of the intervention, there was an increase in the T1DM population at the hospital.
RESULTS

Demographics of cohort
Intervention outcomes
In the intervention period, there were statistically significant reductions in all 3 outcomes of interest: median admissions with ketoacidosis per patient per year (P = .006), median LOS (P < .0001), and unique patient 30-day readmissions (P = .001) ( Table 3 ). These data are also depicted as a run chart from 2007 to 2014 (Figure) .
Median and 25th-and 75th-percentile HbA1C for a subset of patients (n = 96) was 10. Mean age in years, n (SD) 13.7 (4.6) 14.2 (4.6) a Patients contributed 1 followed patient-year if they were seen in the diabetes ambulatory clinic at any point during that calendar year. Admitted and readmitted, n (%) 17 (20) 6 (5) .001
Admitted but not readmitted, n (%) 68 (80) 114 (95) a Patients contributed 1 followed patient-year if they were seen in the diabetes ambulatory clinic at any point during that calendar year. b Compares median using Wilcoxon rank sum test. c Five patients were removed (2 preintervention and 3 postintervention) because length of stay was increased due to non-diabetes-related issues, such as placement in foster care. d Patients were counted once if they were readmitted at any time in the preperiod and then once again if they were readmitted at any time in the postperiod. Compares pre versus postperiod using the Fischer exact test.
management with insulin pump therapy and/or multidose injections using a basal-bolus regimen. Our interventions had a direct benefit to our patients and there were no risks to our patients. During the intervention, positive effects were seen in our patients; however, the trends we see might be a source of an association rather than interventional effects.
DISCUSSION
This quality improvement initiative provides a model for improving care in an underserved urban population with diabetes. We demonstrate that during our use of a multidisciplinary approach to diabetes management, with the incorporation of more intensive insulin Figure. Readmission rate, length of stay, and admission rates before and after intervention.
regimens, standardizing diabetes education, and empowering community engagement, we were able to improve DKA admissions and readmissions. Our outcomes improved in the challenging face of increasing total number of patients into our practice and faculty transitions. Although there was faculty turnover during the period being studied, the net total number of faculty caring for patients with diabetes remained approximately the same and in some months, fewer than at onset. There was an increase in NP staff from 1 to 3 and RDs from 1 to 2. A nurse manager was added to coordinate the ADA program and streamline diabetes education. These programmatic changes allowed us to successfully manage our growing patient population without having to increase the number of physician faculty members. One of our interventions was increased use of insulin pump therapy and multiple daily insulin injection use in our patients. Despite the initial expense and time commitment that is associated with insulin pump therapy, insulin pump therapy is very effective in improving glycemic control. The overall cost-benefit supports its use for diabetic patients. 22, 23 Improved DSMES in the inpatient setting successfully decreases all-cause diabetes admissions and readmissions. 24 Diabetes education handbooks as well as structured diabetes education programs in adults has improved glycemic control as shown in the Dose Adjustments for Normal Eating (DAFNE) trial and post-DAFNE follow-up of patients. [25] [26] [27] This study also standardized T1DM education for all patients and families. The ADA has guidelines and a recognition program for diabetes education based on the National Standards of Diabetes Self-Management Education and Support (NDSMES). 28 The NDSMES aims to support informed decision making, self-care behaviors, problem solving, and active collaboration with the collaborative approach with the health care team to improve health outcomes. In 2013, we became the first ADA-recognized pediatric diabetes program in the area. A similar multidisciplinary team approach decreased LOS for patients with T1DM in the United Kingdom. 6 In addition, other studies have shown that expanded T1DM care outside the standard provider offices, such as home health nursing and school-based clinics, improved care and glycemic control. 29, 30 The setting of this project has a diverse population with a large number of racial minorities. In adult Medicare patients, African Americans and Hispanics had a greater readmission rates for diabetes than other races and ethnicities. 31 These disparities in outcomes can be addressed through targeting improvements in access for these patients. 32 Increasing access to diabetes appointments, allowing patients to have more frequent visits, and increasing appointments from 15 to 30 minutes allow for greater quality and more time for education during visits. There is paucity of literature on the ideal appointment time that a patient with diabetes requires to have a comprehensive evaluation. Some diabetes centers utilize appreciably longer appointment times to include clinical services to address proper eye, foot, and dental care during each visit. 33 Similar to findings from Perros and Frier, 34 we decreased wait times for appointments and saw improved T1DM outcomes by increasing the number of sessions and improving the patient-to-provider ratio.
One limitation of our project is being a single-site study, which may not be applicable to all practice settings. The hospital presented here is an Accountable Care Organization 35, 36 and has a strong culture emphasizing quality of care and efforts to reduce cost and waste. Hence, the hospital was very supportive in providing us the necessary resources to improve care for this challenging population. Other institutions that fail to invest in proper staffing for patient care on the outpatient diabetes management will see increased expenditure on the inpatient hospitalization for DKA, and this should be undertaken despite the costs of additional committed personnel. 37 Although we saw an improvement in DKA and glycemic control in our patients, optimal glycemic targets lagged and need improvement. In addition, as this is a before-after study design, unmeasured secular factors may have contributed to our change in outcomes such as individual variation, family support, and socioeconomic factors. Finally, the use of before-after data that may violate the independence assumption of the statistical tests utilized in the research could reduce the significance of findings, although all outcomes were highly significant.
The hospital is always in the process of continuous improvement. We plan to continue to encourage insulin intensification and expand our program through community outreach event offerings, improved educational materials, and increased appointment availability. In 2015, we started a separate diabetes RN educator and RD-run clinic supervised by an NP for our highrisk patients who need to be seen more frequently. It should be noted that this clinic and all these interventions discussed are available for both patients with type 1 and type 2 diabetes. We believe these efforts will continue to show a decrease in DKA admission rates, overall admission rates, and improvement in glycemic control of our patients. We also recently hired a psychologist to address the mental health needs of our patients with diabetes and to offer support to patients as they transition from supervised care to more independent self-management.
There are many further studies that must be done. In the future, we could survey patients and staff before and after initiation of individual interventions, assess long-term success, and include additional interventions and baseline assessments.
CONCLUSIONS
DKA admission rates seem to be reduced by targeting specific aspects of patient care such as diabetes education to patients, families, and health care providers. Successful self-management starts with the provision of proper treatment tools such as insulin pump therapy, easy access to providers, and psychosocial empowerment for patients to take charge of the lives.
